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The pace of extraordinary advances in molecular biology has accelerated
in the past decade due in large part to discoveries coming from genome
projects on human and model organisms. The advances in the genome
project so far, happening well ahead of schedule and under budget, have
exceeded any dreams by its protagonists, let alone formal expectations.
Biologists expect the next phase of the genome project to be even more
startling in terms of dramatic breakthroughs in our understanding of
human biology, the biology of health and of disease. Only today can
biologists begin to envision the necessary experimental, computational
and theoretical steps necessary to exploit genome sequence information
for its medical impact, its contribution to biotechnology and economic
competitiveness, and its ultimate contribution to environmental quality.
High performance computing has become one of the critical enabling
technologies, which will help to translate this vision of future advances
in biology into reality. Biologists are increasingly becoming aware of the
potential of high performance computing. The goal of this tutorial is to
introduce the exciting new developments in computational biology and
genomics to the high performance computin% community.
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= 8:30 a.m. - 12:00 p.m.
o Introduction to Biology
o Overview Computational Biology
e DNA sequences

= 1:30 p.m. - 5:00 p.m.
o Protein Sequences
o Phylogeny
o Specialized Databases
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s 8:30a.m. - 8:45 a.m. Introduction

= 8:45a.m.-10:00 a.m. Biology
s 10:00 a.m. - 10:30 a.m. BREAK

= 10:30 a.m. - 12:00 p.m. Working with DNA
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= Introduction
= Brief Introduction into Biology
= DNA

o What is DNA and how does it work?
e What can you do with it?
= Proteins
o What are proteins?
o What do we need to know?

= Phylogeny
= Specialized Databases
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= Adam Arkin, LBNL

= Brian Shoichet, NorthWestern Univ.

= Teresa Head-Gordon, LBNL

= Sylvia J. Spengler, LBNL

= Manfred Zorn, LBNL

= Dodson-Hoagland: The Way Life Works

= National Museum of Health
http://www.accessexcellence.org/

= B. Alberts et al. : Essential Cell Biology

http:/ /www.essentialcellbiology.com/
= L. Stryer: Biochemistry
= Genome Annotation Consortium
= Bob Robbins, FHCRC
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Sequence Structure Function
Genomeprojects
Microbial organisms

C. elegans v

Fruitfly

Human Structural GenomicsInitiative
High throughput effort underway v
NIH, new beamlines
LBNL: ALS Functional Annotation
Initiatives

Gene deletion projects
Y east two-hybrid screening
Gene expression micro-arrays
In vivo GFP protein (kinetics)

—Computational Biology @ SC 2000—




-~

: Computational Biology eeer B
wiaL S sscanen W h lte Pa pe r

http://cbcg.lbl.gov/ssi-csh
A technical document to define areas of biology exhibiting computational problems
of scale

Organization:
Introduction to biological complexity and needsfor advanced computing (1)

Scientific ar eas (2-6)
Computing hardwar e, software, CSET issues (7)
Appendices

For each scientific chapter:
illustrate with state of the art application (current generation hpc platfor m)
define algorithmic kernals

deficiencies of methodologies
define what can be accomplished with 100 ter aflop computing
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The Genome Channel Browser to access and visualize current data flow, analysis
and modeling. (Manfred Zorn, NERSC)

Genome sequencing and annotation ——— Bioinformatics
100,000 human genes; genes from other organism
Structure/functional annotation at the sequence level

Computation to deter mine regions of a genome that might yield new folds
Experimental Structural Genomics Initiative
Functional annotation at the structure level by experiment
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One microsecond simulation of a fragment of the protein, Villin. Duan & Kollman, Science 1998

L ow Resolution Structuresfrom Predicted Fold Topology
C Fold class gives someidea of biological function, but....

Higher Resolution Structureswith Biochemical Relevance
Drug design, bioremediation, diseases of new pathogen
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Changesin the structure of DNA that
can beinduced by proteins.

Through such mechanisms proteins
regulate genes, repair DNA, and
carry out other cellular functions.

| mprovementsin Methodology and Algorithms of Higher Resolution Structure
Breaking down size, time, lengthscale bottlenecks (I T2, algorithms,
teraflop computing)

Protein, DNA recognition, binding affinity, mechanism with which drugs bind
to proteins

Simulating two-hybrid yeast experiments

Protein-protein and Protein-nucleic acid docking
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Erythropoietin Platelet-Derived Growth Factor

mmon molecular
elements (i.e. they cross-talk). From the Signaling PAthway Database (SPAD)
(http://lwww.grt.kyushu-u.ac.j p/spad/)

| ntegrating Computational/Experimental Data at all levels
Sequence, structural functional annotation (Virtually all biological initiatives)
Simulating biochemical/genetic networ ksto mode cellular decisions
Modeling of network connectivity (sets of reactions. proteins, small molecules,
DNA)
Functional analysis of that network (kinetics of the interactions)
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Computational Complexity arises from inherent factors:
100,000 gene productsjust from human; genes from many other organisms
Experimental data isaccumulating rapidly
N2, N3, N4, etc. interactions between gene products
Combinatorial libraries of potential drugs/ligands
New materialsthat elaborate on native gene products from many organisms

Algorithmic Issuesto makeit tractable
Objective Functions
Optimization
Treatment of Long-ranged I nteractions
Overcoming Size and Time scale bottlenecks
Statistics
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Proteins
DNA

DNA
Proteins

Cells
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earth cell

counlry chromosoma

chromosame
fragment

nucleotide
people base palrs

Comparative Scale of Mapping
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= Biologists dislike generalizations

= The truth in biology is always more
complex than the statement about it

= Itis hard to distinguish between fact and
fashion in biology
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DNA
Replication
llnfﬁr maﬂmr? DHNA duplicates
SRR PPN PNERNTNER
SN POL R IULIOIURMF SRR
DNA [rlfurlruliun
M Transcription
RIMA synthesis
RENA i
mRMNA
nucleus
N W
Informalion
| evtoplasm
nuclear envelope *
Translation
Y Protein synthasis
Protein

The Central Dogmna of Moelecular Biology
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Life is characterized by

= Individuality
s Historicity
= Contingency

= high (digital) information content

No law of large numbers, since every

living thing is genuinely unique.
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Sickle red cells
—Computational Biology @ SC 2000—




cccccccccccccccccccccc

EEEEEEEEE

J‘J—'HJJJJ

I JJIJ r_FJ—‘_UJ

red blood ce

does alllof the work
carrying oxygen away
from the lungs and
carbon dioxide back

Padraarr Frem Digharen ard Ges, 1T
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Nucleus Lysosome Chromatin inner outer membrane  Nuclear
pores

Plasma membrane

Golgi apparatus

Nucleolus
Nucleolus

Mito-
chondrium

Ribosomes

Endoplas-

matic

reticulum

Cytoplasm | |
Centriole Peroxisome Cytoskeleton yiop 3-10 um
A. Eukaryotic cell B. Nucleus of the cell

ZBD9806-01631.TIF
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Chromatin condenses into
chomosomes.

Nucleax envelope disappears.

Chromosomes alizn at
the equatorial plate.

Sister chromatids separate.
Centromeres divide.

Telophase /-
Chromatin expands, e
Cytoplasm divides. .-~k T g

Two daughtnr l:||!

Mitosis
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Rough endoplasmic
reticulum

Nucleus

Mitochondrian

Basic Biology

Golgi apparatus

packs tightly i
metaphase chromasomes

ey
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chromosome
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“beads-on-a-string”
farm of chromatin

30-nm chromatin
fibar of packed
nucleoscmes

section of
chromosome in an
extended form

condensed section
of chromosome

entire

miitatic

chromosome
MET RESULT: EACH DA MOLECULE HAS BEEN

PACKAGED INTO A MITOTIC CHROMOSOME THAT
IS 50,000x SHORTER THAN ITS EXTENDED LENGTH
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Sugar — <7

DNA
Molecule:§

Cytosine and
Thymineg

Two i
Vi ews Adenine and
Guanine
Phosphate ¢
group & DEE'_‘:‘
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A. DNA double helix
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A form B form
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@' 3 Transcription Translation
D. Ganatic information transfer
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Dodson, 1998
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— Genetic Code

i A
U C A anticodon AUG
2nd base in codon
Phe | Ser Tyr Cys U
U Phe | Ser Tyr Cys c “
5 Leu | Ser | STOP |sToP | A g
E Leu | Ser STOP | Trp G 5
o Leu | Pro | His Arg U o
£ C Leu | Pro His Arg C 5
. Leu | Pro Glin Arg A 0
4 Leu | Pro | GIn | Amg | G 4
r lle Thr | Asn Ser U S
- A lle Thr | Asn Ser C
lle Thr | Lys Arg A
Met | Thr Lys Ary G
Val Ala | Asp Gly V]
G Val Ala | Asp Gly C
Val | Ma | Glu | Gly A
Val Ma | Glu Gly G

The Genetic Code
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BEMA can fold back on itself o form
double-helical regions.
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Figure 30-18

Folding pattern of 168 ribosomal RNA.
[Courtesy of Dr. Harry Noller.]
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AGCACGAGGGGAAAUCUGAUGGAACGCUAC E. coli trpA
UUUGGAUGGAGUGAAACGAUGGCGAUUGCA E. coli araB
GGUAACCAGGUAACAACCAUGCGAGUGUUG E. coli thrA
CAAUUCAGGGUGGUGAAUGUGAAACCAGUA E. coli lacl
AAUCUUGGAGGCUUUUUUAUGGUUCGUUCU X174 phage A protein
UAACUAAGGAUGAAAUGCAUGUCUAAGACA Qf phage replicase
UCCUAGGAGGUUUGACCUAUGCGAGCUUUU R17 phage A protein
AUGUACUAAGGAGGUUGUAUGGAACAACGC A phage cro

Pairs with Pairs with
165 rAMNA initiator tRMNA
3'OH G 3" end of
A 16S ribosomal RNA
A, U
) i
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In sickie-cell hermaglobin, the Glu at position 8 is replaced by Val
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Accumulation
of sickle cells
in spleen

destruction

HbB - HbS of red blood

Glu L d Val

— Anemia

Physical Heart
WEELGERS failure

Impaired m
mental function Pneumonia
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Point mutation

CJalslc|[ole[Fle)

Deletion _

CJalB]cple[r]a) ——(_JalBlE[Fl&)+ [c]D
A . (lost)

Translocation

Inversion

AlB

Mutations of Chromosomes
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= 1984

0 Department of Energy and Intl. Commission on
Protection Against Environmental Mutagens and
Carcinogens in Alta, Utah.

= 1986

1 DOE announces Human Genome Initiative

= 1987

1 NIH Director establishes Office of Genome
Research

= 1988

0 NRC Mapping and Sequencing the Human
Genome

0 Berkeley Lab launches Human Genome Center
= 1990 Human Genome 1
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= September 1994

0 First complete map of all human chromosomes
one year ahead of schedule.

= May 1995

0 First genome sequenced: H. influenzae
= May 1998
o Celera announces commercial project
o Public effort regroups to five major centers
= June 2000
e Joint
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Genome Projects e
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1995 H. influenzae 2 Mb
1996 S. cerevisiae 12 Mb
1997 E. coli 5 Mb
1998 C. elegans 100 Mb
1999 Human Chromosome 22 34 Mb
2000 D. melanogaster 140 Mb
2000 H. sapiens 3,000 Mb
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Growth in GenBank is exponential.
Recently more data were added in

ten weeks than were added in the
first ten years of the project.

40 4
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Read base code from storage medium!

= Read length: About 600 bases at once

= Reader capacity
1 100 lanes in parallel in about 2-5 hours
1 1000 lanes in parallel in about 2 hours
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= Prepare DNA
e about a trillion DNA molecules

= Do the sequencing reactions
o synthesize a new strand with terminators

= Separate fragments
o by time, length = constant

= Sequence determination
o automatic reading with laser detection systems
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Any genome is larger than amount of sequence
that can be generated in a single step.

= Shotgun
= Directed

= Finishing
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= Break DNA into manageable pieces
= Sequence each piece
= Use sequence to reassemble original DNA

Uniform process

Easily automatable
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Number x Size of clone
Genome size

Coverage =

Expected gaps ~ Number e-coverage

Lander-Waterman 1988
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= Break DNA into manageable pieces

= Map pieces into tiling path

s Repe
Two separate processes: mapping and sequencing
More difficult to automate

Hard to integrate map information into assembly

%

v ¥

= Use maps to assemble original DNA
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= Special cases that drop out of the pipeline
= Gap closing
= Difficult stretches

= Primer walking
= Different strains, vectors, chemistry
= Creative solutions, .
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= Machine records intensities in each channel

= Vendor software translates values into smooth
signal for each base

= Base calling software calls the sequence

= Modern base callers use peak shape, size, and
spacing as well as heuristics to improve quality
of calls, i.e., fewer N s and better confidence.

= Quality values carry base quality to the
assembly step.
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= Developed by Phil Green and Brent Ewing

= Better base calling accuracy
0 40-50% lower error rates than ABI software on
large test data sets
= Error probabilities for each base call
1 More accurate consensus sequences

0 Automatic identification of areas that require
"finishing" efforts

0 Identification of repeat sequences in during
assembly
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wamm phred's quality scores

After calling bases, Phred examines the peaks
around each base call to assignh a quality score to
each base call. Quality scores range from 4 to
about 60, with higher values corresponding to
higher quality. The quality scores are
logarithmically linked to error probabilities.

Quality score Probability of wrong call Accuracy
10 1in10 90%o
20 1in 100 99%
30 1in 1,000 99.9%
40 1in 10,000 99.99%
50 1in 100,000 99.999%
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[#] SPACE: The Anal Frontier

Status: RFeady Mapl: H42-2_e7? Elah Ued Jan 24 1996
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CHEGRNGENGGCA C CHHGHMNGA GEANGGAAEENGNERGEHENG A8E GG CARHCH GCC CHGRCHC BGGRANGA
CAGRGRGGCA C CARGAMNGA GARGGRAAAANGENARAGAGARNG RRA GG CARRCH GCC CAGACHC RGGRANGA
CHGRGEGGCA = CHHGHMGHR GARGGHARANGEAAGAGHRNG HRHR GG CARHCH GCC CAGAEBC REGRANG A

QG TGTGGCATTCTTCAAG ATGATTTGATGGE AAAATG TAAGA-ATG AAAGGTTCAAACATTTTG CCTTTTCAGACTETGG TATG A

JCGTG TGG CATTCTTCAAG ATG ATT TG ATGG ARAATG T AAG AGATG AARG GTTCAAACATTTTG CCTTT TCAG ACTCTGG TATG A
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Putting humpty-dumpty together again!

= Overlap
0 Find overlapping fragments

= Layout
0 Order and orientation of fragments

= Consensus
0 Determining the consensus sequence

s Use of constraints
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= Repeats,

e repeats,

0 repeats,
0 Repeats

0 200 bp Alu repeat every ~4,000 bp with 5% -15%
error

= Clipping

= Orientation

= Contamination

= Rearrangements

= Sequencing errors

= True Polymorphisms

—Computational Biology @ SC 2000—




-~

Phrap - Assembler gy

s Fast assemblies

0 Projects with several hundred to two thousand
reads typically take only minutes

= Accurate consensus sequences from mosaic

[ Examines all individual sequences at a given
position, and generally uses the highest quality
sequence to build the consensus.

= Consensus quality estimates

0 Quality information of individual sequences yields
the quality of the consensus sequence

O Other available information about sequencing
chemistry (dye terminator or dye primer) and
confirmation by "other strand” reads used in
estimating the consensus quality.
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= Finishing: closing gaps

= Building chromosomes from large contigs that
are consistent with map information
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s Definition: An inheritable trait associated with

a region of DNA that codes for a polypeptide
chain or specifies an RNA molecule which in
turn have an influence on some characteristic

phenotype of the organism.

Abstract concept that describes
a complex phenomenon
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= Definition: Extraction, definition, and
interpretation of features on the genome
sequence derived by integrating computational
tools and biological knowledge.

Identifiable features in the sequence
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e A e d Iffe r fro m a g e n e ?

= Many annotations describe features that
constitute a gene.

= Other annotations may not always directly
correspond in this way, e.g., an STS, or
sequence overlap
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s Heuristics

m Statistics

s Artistics
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Disassemble the base codel!

= Find the genes
o Heuristic signals
o Inherent features
o Intelligent methods

= Characterize each gene
o Compare with other genes
o Find functional components
o Predict features
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DNA contains various recognition sites
for internal machinery

= Promoter signals

= Transcription start signals

= Start Codon

= Exon, Intron boundaries

= Transcription termination signals
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DNA exhibits certain biases that can be
exploited to locate coding regions

= Uneven distribution of bases
= Codon bias

= CpG islands

= In-phase words

= Encoded amino acid sequence
= Imperfect periodicity

= Other global patterns
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Plate IV: A Logo of Donor Splice Sites from the Dicot Plant A. thaliana (cress). See page
34 for full discussion.
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Pattern recognition methods weigh inputs
and predict gene location

= Neural Networks
s Hidden Markov Models
s Stochastic Context-Free Grammer
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Neural networks

6-mer vocabulary

o6-mer-in-frame

Markov

|sochore GC Composition

Exon GC Composition

Size prob. profile

Length

Donor

Acceptor

Intron VVocabulary 1

Intron VVocabulary 2

Xu 1997
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Silent states

o 0 O

Production states
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Collect clues for potential function

= Comparison with other known genes, proteins
= Predict secondary structure
= Fold classification

= Gene Expression

= Gene Regulatory Networks
= Phylogenetic comparisons
= Metabolic pathways
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= Dynamic programming
e Needleman - Wunsch
e Smith - Waterman
o Evolution

= Speed vs. sensitivity
o Hashing
o Statistical considerations
o Suffix trees
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= Homology
0 Common ancestry
0 Sequence (and usually structure) conservation

0 Homology is not a measurable quantity,
but can be inferred, under suitable conditions

= Identity
1 Objective and well defined

0 Can be quantified by several methods:
0 Percent

0 The number of identical matches divided by the length of
the aligned region

= Similarity
0 Most common method used
1 Not so well defined

0 Depends on the parameters used (alphabet, scoring
matrix, etc.)
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= An alignment is an arrangement of two
sequences opposite one another

= It shows where they are different and where
they are similar.

We want to find the optimal alignment - the
most similarity and the least differences
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= Alignments have two aspects:

o Quantity: To what degree are the sequences
similar (percentage, other scoring method)

o Quality: Regions of similarity in a given
sequence
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= When we compare sequences, we take two
strings of letters (nucleotides or amino acids)
and align them.

= Where the characters are identical, we give
them a positive score, and where they differ, a
negative value.

= We count the identical and nonidentical
characters, and give the alighment a score
(usually called the quality)
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= Sequence A

= Sequence B " Sequence A
]

= Substitution 5
-

= Deletion 8‘
)

= Insertion

= Matrix Element
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Differences in the sequence can be caused by
deletions or insertions in the DNA, or by point
mutations. These changes can be seen at the
protein level as well (changes in the
translation of the protein

This scheme works fine as long as you assume
that all possible mutations occur at the same
frequency. However, nature doesn t work this
way. It has been found that in DNA, transitions
occur more often than transversions.
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= Identity scoring
= Genetic code scoring
= Physical chemical similarities

s Observed substitutions
o Dayhoff matrix (PAM)
e BLOSUM
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Consider the two following alignments:

VI TKLGTCVGS VI TKLGTCVGS
vi T. .. TCVGS V. TK. GTCV. S

According to the algorithm these two cases
will get the same gap penalty. However, in
nature in most cases insertions/deletions are

longer than just a single residue, even for very
homologous sequences.
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= To compensate for this, and to differentiate
between cases like the one above, the gap
penalty is made up of two factors:

o The gap creation penalty - subtracted from the
alignment quality whenever a gap is opened.

o The gap extension penalty - subtracted from the
alignment quality according to the length of the

gap.
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= Thus we have the following score:
o Quality = matches - (mismatches + gap penalty)

o Gap penalty = gap creation penalty + (gap
extension penalty X gap length)
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(a)

FASTA

Sequence B —=

-#— Seguence A —

’
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\

(e)

Find runs of dentites

Seguence B —

-#— Seguence A —

N\

Apply "pining threshold®

1o eliminate segments that

are unlikely to be partof the alignment
that includes highest scoring segment.

(b)

Sequence B —i

-4— Sequence f —

AR
C N\

A \
~ *

\

-— Seguence f ——

\ .
AN

Rescom using PAM matrix
Keep top scoring segments.

Sequence B —i

Ll=e dynamic progrmming

o optimee the alignment in a
namoiw band that encompasses
the topscoring segments.
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{1} Forthe query find the list of high scoring words of length w.

Cuery Sequence of length L

———————————— htazimum of L-w=+1 words [ty pically w = 3 for poteins)

Foreach word from the query sequence

find the list of womds that will scome

at least Twhen scored using a pairscone

matriv (e.g. PAM 250 For typical parameters
there are amund 50 woms per esdue of the query..

{2) Compare the word list to the database and idertify exact matches.
Database

T = = Sequences

Ezact matches of words
from word liat

{3} For each word match, extend alignment in both directions to find
dlignments that scome greater than score threshold S.

haximal Segment Pair (MSPs)

—Computational Biology @ SC 2000—




MATIOMAL EMNERGY RESEARCH
SCIENTIFIC COMPLUTING CENTER

“ama Multiple Alignments

(A)Pairwize Alignment

Example - 4 Sequences. A B. C. D. _: E
A . . A
B & Painvize Compansons ﬂ
then Clusteranalysis C
c
8] -
Simikarity

(B) Multiple alignment following the tree from A.

B
0 oom e Align meslaimilar peir.
Zaps to optinise algnment
B —
Align nexl maalaimilar peir.
C — [

hew gap to optimse
algnrent of (BO) with
ao). l

B_--

D_-_-

Align slignmenia - presarve gaps.
f —

O —
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J ,___9?.{1&?,!?;1.% = Multi-laboratory Project

, Lonsortium

m Standard Annotation of Genomes

« Genome Channel **Ei
« Genome Catalog gt ]
N,

= Comprehensive integration of &

o Analysis tools

« Data management systems o

« Data mining N ’/"&“SE

o User services o
= Extensible Framework SALACACEI. o

Erscd v ararmatory Fevbecuersts Hivdrabes

o High-performance computing
o Data integration technology
o Artificial intelligence
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Sequence Input E j Sl Sl

GSDB GenBank SWISS-PROT

Analysis Queue

'

Process
Manager /
Task Broker

Update Agents

Search Agents

Annotation Report

Data Sources

—Computational Biology @ SC 2000




-~

— GenomeChannel weee)
BERKELEY LAaB

cccccccccccccccccccccc

¥ Thet Gerane Chisnmee] - Hetsoags
Fis £t Wew o Comeorcss Heo

Genome Channel

Huosno saplemns
1 :

: Sequenciﬁg Progress

[¥] ¥ iy

L

i

Organism

(NN N 1=
11 el

O

:
i

W W =

[Sequencing Center

[ = SHY al BX lal B77 bebaranc] R O = KR W )

—Cdmputational Biology @ SC 2000—




rv
Y e GenomeChan

cccccccccccccccccccccc

B The Genime Chanmse] - Hebstage
Fis £t Wew o Comeorcss Heo

= Thinaa:

B Tooooeg
® TO00970

- fddnerd

.
B Toooa7y
B Toooa7s
B TOO0979

Taoogaz0

Pty . St ks rd wiy b e a2 eecing th

Genome Ch

Huosno saplemns
f e )

&

= TO00gS
B TOO09S2
B Toooosz

B TooogEg

B TO00935
= TOO092G
B 7000937

i

= 7000994
B TO00290

= TO00295

= 1fiaad

B 1000993
B 7000295

= TO00997
= TOoO292

-1 Detail view

1 A

(TN NN o=

(HANEY N Imyp -
LN N TN -

INTHEENTIN NN | &~

- 18

wn
ih

e

e |
=
W
b
[

OO

" Hio i

= TOO01017

[ = SHY al BX lal B77 bebaranc]

—C6mputational Biology @ SC 200u




-
L) L)
i A Contig Overview e

cccccccccccccccccccccccc
BERKELEY LAaB

M GC ¥2.0 - Human [Homo zapieng] chromozome 5, contig TO0O0980 Overview [F44674 bp] |_|_|_

R

= _ TIFIFFIFWFF‘I;
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Feature selection

B GC v2.0 - Human [Homo zapiens] Chromosome 5, Contig TOO0980 Features [F44674 bp]

Help File  Edit Options  List Features  Windows

H1

= |Unzsigned Java spplet Window

Predicted Genes
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SSlenr e Conpuring CenrER Ove rI a ! !S

4 GC wEl - Heman (Homo sapiens) chromoseme 21, contig Jenad Cee reios (B06470 Do)
| Help PR 77 eiplies  Lil  Feabges W o

L A LS

e
_1_ _‘.'I _I:I_ (] =k | ‘ | ,ﬁ F:ﬂ_ﬂ [ 5] = i I_II_
Clone overlap:
A BT ——i= = S LI AF064865
AF042091

ﬁ‘i‘-‘rﬂwﬂmf’w'“'ﬁﬂﬂm overlap 9,338 variant bases 36

approx. 1 SNP per 250 bp

Example

AF0a4BE5: 157047 aggoottatcagtgtegctgttgacctigyocacstaactaadgatggtoectyccagatts 157106
PR ettt r e et rrr ettt e et
AFD42081; 6961 agqrottatcagtatodetgiigacc tigocacetgdctaad tqgtectgccaddtc T0Z0

AFPDS4BES: 15T10T toctocactggaasgotbbctotttocatgttgljoctttctggaaggaagtogotctgoaaa 157166

CEEEEEEErreere ettt b et el Pt b e et e et b et et bt
AFO042081: TOZ1 totocactggaaagottotetttocatigtogoctttotggaaggaagtegotetgeasa TORD

AFNa4AAS: 157167 goccacacataaggeataagagttatyotioatettotbgaggtggtatatotacatasas 157326
PR ettt r e ettt r ettt ettt et
AFI42091; TOE1 grocacdcatasggaqtgagagttatyottoate ot igaggtaitatatoctacatass 7140
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SEE w2 O - Human [Homo sapiens] chromosome 21 . contig TOO03084 Owverview [B47626 bpl

Help  File Edit Options  List Features  Windowes
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Coverage includes clones from different sources
1 SNP per 250 bases

160,000 SNPsin 408 Mb dataset
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" What s supercomputing N
Wl Eneney resency gOt to do Wlth It? _

= Complexity of the information

= Amount of data

= Most applications are trivially parallel

—Computational Biology @ SC 2000—




-~

rereeer

| |
4 I
SCIENTIEIC Conan LT Ing SanT a e S O n O m a I 0 n
CCCCCCCCCCCCCCCCCCCCCCCC I I
EEEEEEEEEEE

The same base sequence contains
many layered instructions!

= Chromosome structure and function
o Telomers, centromers

= Gene Regulatory information
o Enhancers, promoters, ...

= Instructions for gene structure

= Instructions for protein

= Instructions for protein post-processing and
localization
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SpecId5integerPerformance vs. Genbank Search
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1990 1992 19 1996 1998
year States 1998
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= Current annotation
o« 250 Mbases DNA yield ~125 Gbytes of data
o It takes ~ 7.5 days on 20 workstations ~3,600nhr

= Celera Sequencing
o Assembly of 1.7 Million reads in 25 hrs
o Annotation 8-10 Mbases per months with 6 FTE
o Assembly of Human Genome: expected ~ 3 months
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Projected size of the
sequence database,
indicated as the number
of base pairs per
individual medical
record in the US.

The amount of digital data
necessary to store 1014 bases
of DNA is only a fraction of the
data necessary to describe the
world s microbial biodiversity at
one square meter resolution...
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Sequence Assembly

= Complexity

o Adding a day s read of 100 Mb to a billion base

pairs of contig would require 100 Pops
operations

o A 1 Tops machine would take about one day to
process 100 Mbases
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300.00-
250.00-

200.00
1350.00-
100.00-
90.00-
0.00-
year | month | week | day III:lzll‘s 1hour

Mhytes/sec| 0.03 | 039 | 165 | 11.60 | 23.10 | 271.10
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= Discovering new biology

= Lack of software integration

= Beginning to build high-performance
applications

= Shortage of personnel
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=== | Multi=Domain Proteins

New sequence

Closest database annotated entry

M

Original studied protein
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M GC ¥2.0 - Human [Homo zapiens] Chromogzome 4, Contig 4p16.3 Features [1564611 bp]
Help File Edif Options  List Festures Windows

O T |

= |Unsigned Java Applet Window
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ATG-1 ATG-2

‘ . 14 15 16 17A 17B 18 19 20

Conboy 1998
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One Gene - Many
Proteins

14 15 16 ¥ 17A 17B

3'uUT

ATG-1 ATG-2
& e
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, 9p21 Gene Clusteris a Nexus "7 .
===z==  Of the Rb and p53 Pathways

Extracellular Oncogenic
stimuli (i.e. TGF-p) <« &imuli (i.eH-Rag™>

7 7 7
__ m

el E2
p15l NK4b

Same partial nucleotide sequence

Different amino acid sequence

o Cell Cycle
E2RS Progression
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= NERSC / LBNL = ORNL
o John Conboy o Ed Uberbacher
« Donn Davy e Richard Mural
o Inna Dubchak o Phil LoCascio
o Sylvia Spengler o Sergey Petrov
o Denise Wolf e Manesh Shah
o Eric P. Xing « Morey Parang

e Manfred Zorn
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